A smart grid application in monitoring the condition of transmission line with wireless sensor networks was described in this paper. ZigBee and GPRS (General Packet Radio Service) technology were adopted in this system to ensure normal transmission of signals, even in remote areas where there is no telecommunication service, and data could be transmitted over a long distance. In addition, the system provided warnings before the damage caused by meteorological disasters to ensure the line security.
Introduction
In the smart grid system, power transmission is related to the security, so it is essential and important. In the domestic electric industry, the management of the transmission line is still in the stage of patrol on foot, which is a relatively initial state. So it is difficult to meet the increasing reliability requirements and the need of smart grid's development. High voltage transmission lines, especially for a long distance, often need to cross mountains. The whole line may be in different meteorological areas, which brings certain difficulties for the management of the line. In recent years, the occurrences of severe weather become more frequent, which caused severe collapse of power towers and broken of the power lines. The research on the monitoring of the transmission lines is one of the directions for the smart grid technologies. The device is designed to offer the meteorological data, which can help to make forecast and alarm of the accident, so as to lessen the loss of the power grid [1] .
Therefore, a smart system for the meteorological monitoring of transmission line based on ZigBee and General Packet Radio Service (GPRS) technology was developed in order to overcome the shortcomings of the present system, such as the totally dependence on the limited coverage of communication network, the single monitoring parameters and the poor extensibility, etc. The system in this paper has the advantages of low power consumption, low node cost, large network capacity, long cycle life and strong extensibility. ZigBee, developed on the basis of IEEE 802.15.4 standard, is a latest wireless communication technology. The standard provides the Physical layer (PHY) and Medium Access Control layer (MAC) for the wireless communication.
The Zigbee protocol working on the topper performs as the Network layer (NWK) and Application layer (APL). The PHY, MAC and NWK layers handle the data transmission and the APL layer handles the tasks of each device [2] .
GPRS is a GSM-based wireless packet technology. It provides wide-area wireless IP connection by a kind of point to point way. GPRS is a high-speed data-processing technology, for which data are transmitted in the form of "group" [3] . It has the following characteristics: first, it will remain online as long as GPRS is applied; second, GPRS only charges when it generates communication flow; third, the current GPRS can support the peak rate of 53.6Kbps while theoretical transferring peak reaches more than 100 Kbps; fourth, it can cover the most areas of China.
The research of the smart grid is important and necessary, and the research focuses are different in different countries. Because of the lack of uniform standards in the smart grid, most of the research of the transmission monitoring still remain in the theoretic step, and lags behind the practical application. Reference [4] - [6] provide some schemes in power transmission monitoring, and reference [7] - [10] provide some approaches of measuring parameters. However, these approaches were complicated, bringing difficulties to install the devices. There were also difficulties in the signal acquisition and transmission. Besides, because of the bad extensibility, they were unable to meet with the comprehensive and unified collection requirements in the smart grid. According to the development of the smart grid in China, a wireless transmission-monitoring system was designed in this paper, and some results were obtained.
System Description
The data such as the temperature, humidity, wind speed and wind direction were collected and analyzed in the system, so that the meteorological environment was monitored and the transmission state was assessed. When the data are abnormal, the warnings of the severe weather were achieved through a particular algorithm, which helps staffs to make decisions accurately and take effective measures to protect the transmission lines. Fig.1 is the work flow chart of the system.
The main feature of this system is the combination of ZigBee and GPRS technology. It contains a twostage wireless network. The first level uses IEEE 802.15.4/ZigBee technology widely called "wireless sensor networks ". It has the features of large network capacity, low node cost, low node power and etc. Besides, the first level covers at least 500 meters in diameter. The second level uses GPRS technology. GPRS module supports TCP / IP protocol, and can send data directly in the way of point to point to a specified IP address on the specified port device of the Internet. As a result of high data transmission rate, even if there are lots of sensor nodes within the first level, GPRS module is still capable of processing and sending data.
The two-stage structure combines the merits of two wireless networks, which can ensure the normal operation in remote areas without telecommunication service. In addition, it can finish the data collection and long-distance transmission with large network capacity, low power consumption and low cost. It is much more advanced than the present wireless network which uses only one level [11] . 
Hardware Design
The system (as shown in Fig.2 ) is a distributed network composed of three parts: the sensor nodes, the coordinator nodes and the monitoring center. After power up, the coordinator sets up the network and other devices join the network. The newly joined child devices to the network can either work as end devices or routers where the coordinator is the parent. Routers can permit other devices to join it whereas end devices can't; i.e. they are leaf nodes of the network. In our system the sensor node is end device and the coordinator node is coordinator device, while the routers only used to increase the transport distance. All the nodes should be installed on towers of the transmission line.
The sensor nodes detect the meteorological parameters and send them to ZigBee wireless network. The coordinator nodes which are in the same network receive the data, and then send them to the GPRS module. The data finally are transferred to the monitoring center and stored in a database of the server. The information could be read and processed in database through the server and client software, and then data evaluation could be achieved through an algorithm. Furthermore, it provides warnings when the data received are abnormal.
Sensor nodes
Sensor nodes are composed of sensor module, MCU&RF (Micro Control Unit & Radio Frequency) module and power supply module. Sensor module collects the information in the monitoring area. MCU&RF module controls the operation of all the sensor nodes, including storing and processing data; meanwhile, it is responsible for wireless communication with other nodes, mainly exchanging control information, sending and receiving data. Fig. 3 shows the structure of the sensor node.
The sensor module contains some sensors for parameter acquisition. Data-collection ports are reserved which can be extended when additional sensors are needed. The SHT10 digital temperature and humidity sensor made by Sensirion, TF-M1 wind speed sensor and TX-V1 wind direction sensor made by Beijing DIY sensing center were used. Fig. 3 .The structure of the sensor node Fig. 4 .Structure of the coordinator node SHT10 integrates the sensing element and signal processing circuit in a micro-circuit board. It has output of standardized digital signal, small size and low power consumption. This sensor can run in the range of -40-123.8 °C. Under the conditions of 25 °C and 3.3V, the relative humidity accuracy can reach ± 4.5% R.H., while temperature accuracy ± 0.5 °C. TF-M1 wind speed sensor and TX-V1 wind direction sensor, which are light and easy to assemble, can detect the external environment information effectively. Their shells, made of high quality aluminum alloy, have good anti-corrosion and anti-erosion. Besides, they are unlikely to rust and keep the accuracy of information collection for a long time [12] .
CC2430 made by TI (Texas Instruments) was used as MCU and RF module. The chip is chosen to implement the chip system on embedded ZigBee applications. They support 2.4GHz IEEE802.15.4 / ZigBee agreement. The chip is integration of industry-standard enhanced 8051 MCU, CC2420RF transceiver, 128KB Flash and 8KB SRAM. Its power consumption is low and its current is only 0.9μA in power-down mode.
Seeing that the sensor node has to be located on the top of the tower, they were always in an unattended state, which brought out a protrusive problem of the power supply. The isolation and electromagnetic interference of high voltage made it hard to get power supply from the transmission line directly. Hence the power supply module uses the management strategy of solar panels and battery hybrid power [13] , so that the sensor nodes can not only run for a very long time, but also can be extended easily for more sensors.
Coordinator nodes
The coordinator node is composed of the MCU&RF module, the power module, the GPRS module and the serial module. Fig. 4 shows the structure of the coordinator node.
Coordinator nodes send and receive data using the same kind of MCU&RF module as the sensor nodes. An embedded system was composed of the MCU&RF module, the RS232 interface and the GPRS module, in which the GPRS module was directly used to support the transparent data communication. Through a simple set, the data were sent to the port of the server we have set up. The power module here is the same with that in the sensor node, which ensures that the coordinator node is online all the time.
Monitoring center
The monitoring center includes database, server and client. The server is a sever host that connects with the Internet. The database is installed in the server host. The client is a PC installed the client software and connected with Internet.
Software design
Software installed in the sensor nodes and the coordinator nodes is developed by the IAR Embedded workbench. The software includes an embedded operating system and applications. Software of the monitoring center is installed in the server and the client. Fig.5 shows flow charts of the software.
Sensor nodes
The process of software in the sensor nodes can be described as follows. Initialize the system, and then check if there is a network. If there is, just join in. The microprocessor controls data measurement of the sensor modules and receives data from the sensors. The data are sent out by the RF module. The sensor nodes automatically turn into the sleep mode after completing the sending data. The microprocessor turns off the sensing module function first, and then the internal clock to enter "sleep", only maintaining weak current to monitor external interrupt signal. The external real-time clock device called RTC controls the time of the nodes. RTC is of low power consumption, which can be neglected. At this time, the whole sensor nodes maintain in a low power state. When the data transmission cycle arrives, RTC sends an interrupt signal to the microprocessor to wake it up from sleep mode. The microprocessor restores functions of the clock and turns on the sensor modules, leading the entire nodes into the working state. 
Coordinator nodes
The process of data-processing software in the coordinator nodes can be described as follows. First, initialize after the system is powered. Next, the coordinator node sets up ZigBee network and receives data collected by sensor nodes. Then the data are sent to GPRS module through RS232 interface. At last, GPRS module sends the received data to a specified IP address of the Internet. The coordinator nodes will always be online [14] .
Monitoring center
The server is connected with the Internet. It has a static IP address and a particular port to receive GPRS data. To obtain the data of sensor network, the management software is connected with the distant coordinator node by socket (Windows Sockets). Through a series of data processing, the server stores the data into a database.
The management software of the system is developed by C + + Builder, while the database is set by SQL server. The management software includes data reception, data processing, data storage, user management, data management, data reporting and other modules. Data reception, data processing and data storage modules are used to receive the data from the remote coordinator node, and determine whether the data are normal or not. The users can be added or deleted and user permissions are set in the user management module. To prevent the misuse and malicious damage, only users who have authorities can use the software's specific functions. The data management module includes query of database, data deletion, data modification and so on.
Results and discussion
The experimental device is shown in Fig. 6 . Three sensor nodes and one coordinator node are used for our test. Temperature is measured in an ESPEC series environmental chamber. Humidity is measured in the standard humidity generator. Wind velocity and wind direction are measured in the open air on different days. The server in our lab received the test results which are showed in Table 1 , 2, 3 and 4. The data show that the maximum error of the temperature is 2℃, while the maximum error of the relative humidity 5.5% RH. They are consistent with the accuracy of SHT10 described in [12] . According to the weather forecast, we got the wind information of the environment in different days. From Table 3 and Table 4 we can see that the output of wind direction sensor is accurate and the wind velocity sensor is in line with weather forecast in a broad range.
Communication distance test
The communication distance of sensor nodes and coordinator nodes reaches up to 100 meters indoor and 200 meters outdoor. With the method in ref. [15] , the communication distance can be increased by increasing the power amplifier, so that it can meet the actual requirement.
Power consumption test
Sensors and RF modules are the main parts which use power. According to the ref. [16] , we tested the 
Warning test
According to the statistical analysis, the basic meteorological conditions that the transmission lines are covered with ice are as follows. The temperature of equipment surface reaches -8-0 ℃; The air humidity reaches more than 85% RH; the most suitable wind speed for generating ice is usually 2-7m / s. Data processing software in the server is programmed with a particular algorithm. In the algorithm, when meeting the conditions above, the monitoring center will warn. Tests showed that the monitoring center's host alarmed accurately when data meet the conditions.
Conclusion
This paper introduces a smart monitoring system on transmission lines. The most significant feature of the system is the wireless transmission with ZigBee and GPRS technology. The results showed that it could meet the basic requirements in the aspects of sensor accuracy, communication distance, power management and warning. In addition, the system has good extensibility and compatibility. The data acquisition is modular. Each kind of the equipment has the separate measurement module, so it is very easy for the unified transferring management of large amounts of data. The system can be applied to all aspects of power generation, distribution, transmission and so on. The cost of the system is relatively low. What's more, it is easy to install and implement long-distance monitoring.
Our next task is to improve the performance of system: increase communication distance based on low power consumption, improve the algorithm to process the data for providing more warning programs and add more sensor modules to increase the scope of monitoring, i.e., the monitoring of the forest fire and transmission line breakage can be achieved by using of image sensors and improving the algorithm.
